INTRODUCTION
A significant advance in the technique of histology and cytology is the current trend toward the use of quantitative methods of studying microscopical preparations; in other words, of substituting an objective measure of absorption 'for expressions like "more basophilic," less Feulgeu-positive," etc. Among such methods are those which Caspersson has developed for determining the absorption spectrum of a small part of a cell, investigations which yield precise information as to the character and m o u n t of a naturally occurring substance (Caspersson, 1936 (Caspersson, , 1947 . This technique is elaborate, and requires so much knowledge of a special field of physics that the average histologist is unlikely to be trained for such work. Fortunately, a much simpler procedure is possible if one knows the nature of the absorbing substance to be estimated, as for example, in the determination of hemoglobin in an erythrocyte (Thorell, 1947) , in analysis for protein in a nucleus (Polllster and Ris, 1947) , or in measurement of the dye in a stained nucleus (Di Stefano, 1948) . In such cases, if the substance is in suflSciently high concentration, one can proceed much in an ordinary photometric chemical analysis and obtain information as to the amount of material in a small part of a cell, such as the nucleolus even though this amount is of the order of 10 -9 rag. Among the most abundant and physiologically important substances in cells are the nucleic acids and proteins; and these are the chief constituents responsible for staining an ordinary histological preparation. Indeed, it appears that with the common histological fixing methods a cell structure is mainly a nucleoprotein picture. Therefore, if one is to investigate the significance of cellular structure, an analysis for nucleic acids and proteins is probably the most valuable quantitative cytochemical study which can be undertaken. Recently Pollister and Ris (1947) have described briefly some procedures and an apparatus for nucleoprotein determination in cytological preparations. These are considerably simplified, and experience has shown that their use can be acquired readily by a worker who is trained in histology or cytology. Since then, the photometric apparatus, designed for use with the Photovolt photometer, has been much improved, especially in 567
The Journal of General Physiology the shielding of the light-sensitive element for satisfactory operation with photomultiplier tubes. The new device is adapted for photometric analysis at any visible wave length and for 2537.~ in the ultraviolet spectrum. Since it is often useful to have a photographic record of a cell on which an absorption measurement has been made, the apparatus has been constructed with a built-in camera and with means of focussing both the visible and ultraviolet images for photomicrography. This one instrument, combined with the commercially available Photovolt photometer ~ and the appropriate microscopical equipment, is adequate for photomicrography and for photometric chemical analysis of substances within individual cells of a microscopical preparation. Examples of the application are obvious: the amounts of natural intracellular colored substances, such as pigments, can be estimated; cells may be stained and the amount of combined dye estimated; the intensity of color reactions, such as Millon's test, can be measured; and the natural ultraviolet absorption of such substances as nucleic acids and nucleotides can be determined. Combined with specific solubilities and specific enzyme action, the photometric method opens a wide field of quantitative chemistry at the cytological level (Pollister and Rls, 1947) . The present note includes a general description of the apparatus, adequate construction details, and the essentials of the operating procedure.
General Description
The apparatus, in position for photometry, is shown in Fig. 1 . It is mounted on the pillar of a heavy photomicrographic apparatus (Zeiss) in place of the original camera. There are two main parts to the apparatus, the camera box (C) and the scanner or photometric device (S). The former is a rigid, lighttight box (Figs. 1 and 2) connected to the microscope by a cloth sleeve. The projected microscopic image enters the camera through a circular opening in the bottom of the box, and passes to the photographic plate compartment (PC) through a 6 X 9 cm. opening, the plate aperture. In the lower back part of the camera is a mirror which is so mounted that when the front side of the camera is opened the operator can see, in the mirror, the image of the plate aperture. This part of the apparatus is for focussing the ultraviolet image on the lower surface of a fluorescent screen placed in the plate compartment. The plate compartment holds a 9 × 12 cm. metal plate holder, in such a position that its inner half is above the plate aperture. A first exposure is made on this part of the plate, and the plate is turned end for end in the plate holder for the second exposure. For focussing the visible image a clear glass plate the same size as the plate aperture is inserted in the plate compartment. On the lower surface of this plate are cross-lines which intersect at the center. For focussing the ultraviolet image there is inserted a plate the x This apparatus is manufactured by Photovolt Corporation, New York. On special order search units with photomultiplier tubes are available.
lower surface of which is coated with artificial willemite, which fluoresces brightly in ultraviolet light, especially at wave length 2537A (Lavin and Pollister, 1942, and Lavin, 1943) . Such screens are made to order by E. I. Dupont, Patterson Screen Division, Towanda, Pennsylvania. It is convenient to have the screen on a 9 X 12 cm. photographic plate from which the emulsion has been removed, for the screen may then be kept free of dust in a plate holder.
In the upper wall of the plate compartment, directly above the center of the plate aperture, is a circular opening through which the microscopic image is projected to the scanner. The scanner (figs. 2 and 3) consists of two plates, the lower (LP) and upper (UP), both of which can be moved horizontally, in a plane which is perpendicular to the axis of projection of the microscopic image. The movement of the lower plate is random within the horizontal plane and is llmlted by the size of the holes through which pass the two pillars (PIL). The lower plate can be locked in any position by tightening the nuts (LPL) above the large washers on the pillars. In the lower plate is an iris diaphragm (D), mounted so that when the lower plate is at the center of its range of movement the diaphragm is directly above the center of the plate compartment. The size of the aperture of the diaphragm can be read from the position of the diaphragm lever (DL) on the calibrated scale (DS). The upper plate (UP) of the scanner can be rotated horizontally through a short arc, the center of which is the shaft (SH). This uppermost plate caries the focusser (F) and the phototube search unit (SU) of the Photovolt photometer. The focusser consists of a mirror (FM) and telescope (T) which can be focussed on any level of the projection path, from the plate compartment to diaphragm .s There are two openings in the upper plate, one below the focusser (FAP) the other beneath the search unit (SUAP). The movement of the upper plate is limited by stops (ST) which can be adjusted so that when the plate is at one end of the arc of rotation the aperture to the focusser is directly above the center of the iris diaphragm of the lower plate, while at the opposite end of the arc the search unit aperture is in this position. The upper plate can be locked in either position by the nut (UPL).
Construction Details
Construction details are shown in Figs. 2 and 3. The materials are easily obtained, and the average laboratory shop contains all the tools needed. The apparatus must be strong, but at the same time as light as possible. The plate surfaces which are to slide over one another in the movements of the scanner should, of course, be perfectly fiat and smooth, since they must move easily and also serve to exclude extraneous light from the interior of the apparatus. Satisfactory materials for these sliding plates (i.e. upper wall of the plate corn-2 A simple focussing magnifier such as is regularly fUrnished with photomicrographic outfits may be used instead of the mirror and telescope. partment, the upper and lower surfaces of the lower plate, and the upper plate) are masonite or duralumin. Since the weight of the whole apparatus is carried on the pillar by clamps (CP, Fig. 1 ) attached to the back of the camera, this wall must be of heavy plywood or hardwood. The door at the front of the camera is thin aluminum. The side walls of the camera and the non-sliding parts of the plate compartment and lower part of the scanner are of light plywood.
The holes in the lower plate of the scanner through which pass the pillars (PIL) should be at least as large as the maximum aperture of the iris diaphragm of the scanner; the locations of the holes and the size of the washers should be chosen to allow full swing of the upper scanner plate at any position of the lower scanner plate. The smaller fittings may be made of brass.
Operation (a) Photomicrography with Visible
Light.--First, the object to be photographed is moved to the center of the microscopic field. Next the camera scanner is swung into position above the microscope, and the sleeve is arranged to make a light-tight connection with the microscope. Into the plate compartment is inserted the dear glass plate. Next, the scanner diaphragm is opened, and the scanner is moved about until the point of intersection of the cross-lines on the glass plate is visible in the focusser. The telescope is adjusted to bring the cross-lines into sharp focus. The projected microscopic image is then focussed sharply, the glass plate is removed, a loaded plateholder is inserted, and the photographic exposure is made in the usual manner. is satisfactory when one is using the Zeiss ultraviolet equipment, which consists of quartz monochromatic objectives, quartz eyepieces, and condenser with interchangeable top lenses for different numerical apertures. Except for the light source and the absence of a collector lens, our equipment is identical with that figured and described by KShler (1904) .3 The light is a Hanovia Sc2537 mercury arc, an important characteristic of which is that approximately 85 per cent of the light output is in the spectral region of wave length 2537A. The lamp is a 24 inch quartz tube, with offset electrodes, and a polished observation window in front of the end of the horizontal part of the U-shaped arc. A circular slit (diameter about 2.0 ram.) is mounted in front of this window, a biconvex quartz lens collimates the light, it is then passed through two 60 ° quartz prisms of the Zeiss monochromatic illuminator, and from the second prism emerges a series of images of the slit. The dispersion of the instrument is such that the 2537A image is several centimeters away from the 4358/~ visible blue image (at 10 era. from the face of the prism). The only other ultraviolet image which is bright enough to be visible on a fluorescent screen is a very faint 3650A one, which is some distance away from the 2537A spot. The monochromatic illuminator is placed far enough away from the quartz prism below the microscope so that the 2537.~ image of the slit fills the entire aperture of the condenser. In the procedure for ultraviolet photomicrography, the image is first oriented at the center of the glass plate with approximately monochromatic visible light (for example, the green light isolated from a tungsten lamp by a Wratten 62 filter) as described above for visible photomicrography. The glass plate is then replaced by the fluorescent screen. The ultraviolet image is brought into approximate focus by the proper number of turns of the fine adjustment (e.g. with a 2.5 ram. quartz monochromatic objective one must focus downward five and one-quarter complete revolutions of the fine adjustment in order to go from the green to the 2537/~ image). The condenser diaphragm is next opened wide, the ultraviolet light is admitted to the microscope, and the room is darkened. The front of the camera is opened and the fluorescent screen can then be seen in the mirror within the camera. The objects which absorb considerable ultraviolet light, such as cell nuclei, will appear dark on the screen, other parts lighter. When using lower magnifications these dark areas can at once be brought into sharp focus, but for higher magnifications this is most successful only after one has become well dark-adapted (20 to 30 minutes). For this waiting period it is useful to have dark-adaptation red goggles, such as those in the Polaroid kit No. 1084. It becomes possible, with practice, to obtain sharp focus for every 2537~ photograph. Once the focus on the screen is satisfactory the photomicrograph is made in the usual manner. 4 (c) Photometry with Visible Light.--Bdore undertaking the first routine measurements of transmission the apparatus must be properly aligned. The lamp and the optical elements of the microscope should be carefully centered in the usual manner. The microscope should be placed so that when the scanner diaphragm is in the center of its range of movement the margin of the diaphragm opening is concentric with the microscopic field. The phototube is aligned in the following way. The condenser is focussed sharply, using the particular spectral region which is to be employed in the absorption measurements. Next, an object is centered in the opened scanner diaphragm, the telescope is focussed sharply on the edge of the scanner diaphragm, and the object sharply focussed at this level. Then, with the mechanical stage, the slide is moved to bring an empty region, outside the tissue, into the field. By rotation of the upper plate the phototube search unit is then moved into position above the diaphragm, and locked in place. The condenser iris diaphragm is dosed until the galvanometer reading is approximately 50. The clamps holding the search unit in place are loosened, and the unit moved about until the position which gives maximum galvanometer deflection has been found. The search unit is clamped in this roughly centered position, and the scanner diaphragm slowly closed until the galvanometer reading begins to fall. Leaving the diaphragm set at this aperture the search unit is again moved about to obtain a maximum reading, and the scanner diaphragm aperture at which the reading decreases is again found. If necessary the above procedure should be repeated several times, until the pkototube is centered above the diaphragm and the scanner diaphragm opening which admits a light spot covering the whole width of photosensitive surface of the phototube has been found. It is well at this time to check the uniformity of illumination of the microscopic field, by making a series of galvanometer readings at scanner diaphragm apertures below that which gives maximum reading. These values should be directly proportional to the area of the diaphragm aperture. If this is not so, the field should be carefully checked for uniformity of illumination, either by visual examination, or by a photograph, or by exploration using a small scanner diaphragm aperture. Improper alignment of the optical elements is another possible source of non-linearity. If the failure of direct proportionality is noted only with the larger diaphragm openings it is likely that an area greater than the photosensitive area is being illuminated, and readings must be made with the smaller apertures where the linear relationship holds. The maximum usable scanner diaphragm aperture is an important datum for the apparatus. Where possible the magnification and the projection distance should be selected so that one uses at least three-fourths of the photosensitive surface.
The routine photometry is carried out in the following manner. The object is centered in the scanner diaphragm with the mechanical stage, focussed sharply with the telescope, and the diaphragm dosed to circumscribe an area one wishes to measure. The light tothe microscope is cut off, and the search unit locked in recording position. The galvanometer is adjusted to zero, and the light admitted to the microscope. After a slight movement of the fine adjustment to obtain the lowest galvanometer deflection (which indicates that the image is in focus on the photosensitive surface) the galvanometer deflection is recorded. Thisfira reading measures the intensity of light after it has passed through the specimen. Next, the light is cut off, the slide is moved to a stage vernier reading known to be an empty area outside the section, and a reading made through this region. This second readingmeasures the light transmitted through the optical system when no specimen is in the field, and for purposes of calculation this is an intensity of 1.0. The first reading divided by the second is the transmission (1") of the specimen. The logarithm of the reciprocal (log10 l/T) is the extinction (g) of the specimen. Extinction is a value which varies directly with concentration and thickness of specifically absorbing substance according to the Beer-Lambert law, which can be expressed in simplified form as E == kcd where k is a constant, c is concentration, and d is thickness of absorbing layer (see Brode, 1943, and Gibb, 1942) . Further details of computations and corrections for photometry of microscopical preparations are discussed by Caspersson (1936) , Thorell (1947) , Ris (1947), and Di Stefano (1948) .
(d) Photometry with Ultraviolet Light of Wa~e Length M37.~.--This wave length is
near the absorption maximum of the heterocyclic bases of the nucleotides. The ultraviolet photometric procedure is only slightly more complicated than that just described; the image is centered with visible light, and the whole transmission is carried out without any necessity for observing the ultraviolet image on a fluorescent screen. With the quartz monochromatic objectives of K~hler the ultraviolet image is always somewhat larger than a visible image projected the same distance. One can be sure therefore, that if an area is circumscribed by the scanner diaphragm in visible light, a somewhat smaller central part (80 to 90 per cent) of this same area will be projected into the phototube by ultraviolet light. ~ 5 Because of the larger size of the ultraviolet image it is important to orient the area to be measured so that its center coincides with the center of the microscopic
The following is the photometric routine. The monochromatic (e.g. green) visible image is focussed and centered in the scanner diaphragm, and the latter is closed to circumscribe the desired area. The visible light is cut off, leaving the shutter 6 to the ultraviolet light dosed. The phototube search unit is locked in recording position, and the fine adjustment rotated to bring the ultraviolet image into approximate focus. The shutter is opened to admit the ultraviolet light, and by slight movement of the fine adjustment the position of lowest reading is found, indicating that the 2537A image is focussed on the photosensitive surface. The readings for specimen and vacant area are then made as described above for visible photometry. To continue with a second transmission measurement the fine adjustment is changed to the visible focus, and the section then brought back into the field.
field. If the object is excentric the change of size of the field area with the change of focus from the visible to the ultraviolet image causes the image of the object to move laterally, and hence partially out of the field of transmission measurement. e A simple shutter (SR, Fig. 1 ), in the form of a metal plate, is mounted on a shaft at one side of the foot of the microscope. The shutter can be rotated horizontally beneath the microscope condenser to cut off the ultraviolet light. On the upper surface of the shutter plate is a microscope mirror, which when the shutter is in closed position serves to reflect visible light into the microscope. Another simple shutter and a filter holder are mounted in front of the tungsten lamp.
DESCRIPTION OF FIGURES   FIG. 1 . The photometric-photomicrographic apparatus in position for photometry with the ultraviolet microscope. The front of the camera is closed .  FIG. 2 . Diagram of the assembled apparatus, with the scanner unit raised some distance above the camera and the front of the camera opened for focussing the ultraviolet image.
FxG. 3. Assembly diagram of the scanner unit. The scale is shown in the lower left corner. The sides have not been foreshortened, and measurements may be taken directly from vertical, front, and side surfaces for projection of plane blueprints or templates.
Abbrevi~i~rc~s C, camera.
C AP, camera aperture. CL, damps, holding search unit in position. CP, clamp holding camera to pillar of photomicrographic apparatus. D, iris diaphragm. DL, diaphragm lever. DS, diaphragm scale. F, focusser, for photomicrography and for centering image for photometry. F AP, focusser aperture, an opening in the upper plate through which the microscopic image is projected to the focusser. FM, mirror of focusser. L, tungsten lamp. LB, box endosing ultraviolet lamp and monochromator. LP, lower plate of scanner. LPL, lower plate lock, consisting of washers and nut threaded on pillar. M, mirror, in which lower surface of fluorescent plate can be seen when front of camera is opened as in the diagram. MU, measuring unit of Photovolt photometer. PIL, pillars which limit the motion of the lower plate of the scanner. PC, plate compartment. PP, battery power pack for photomultiplier tube. S, scanner. SH, shaft on which upper plate rotates. SR, shutter to cut off ultraviolet light. On its upper surface is a mirror which reflects light from the tungsten lamp into the microscope, when the shutter is dosed. ST, adjustable stop to limit motion of the upper plate of the scanner. SU, search unit of Photovolt photometer.
SU .4P, search unit aperture in the upper plate, through which the microscopic image is projected to the photosensitive surface of the phototube. T, telescope of focusser.
UP, upper plate of scanner. UPL, upper plate lock.
